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Introduction
Preconditioning aims to prepare the host to a future lesion either by decreasing the intensity of its response or by inducing resilience of the organism towards the biological challenge to happen 1 . Various experimental and clinical studies have provided evidence of the preconditioning effects of the dipeptide l-alanyl-glutamine (L-Ala-Gln). L-Ala-Gln has been used to protect the rat testis from I/R lesion inducing a decrease in lipid peroxidation and oxidative stress 2 . This glutamine dipeptide has also been able to promote hepatic protection from liver normothermic I/R in the rat 3 . The intravenous use of 50g of this dipeptide over three hours preceeding limb revascularization has attenuated muscular tissue damage and protected from oxidative stress in patients with critical ischemia of inferior members 4 . In the same way the intravenous use of L-Ala-Gln (0.5g/kg) preoperatively has reduced inflammatory acute response in children subjected to palatoplasty 5 .
Neuroprotection has been reported by L-Ala-Gln preconditioning. Previous infusion of L-Ala-Gln has been shown to reduce oxidative stress and brain cell nuclear degeneration in gerbils subjected to brain ischemia/reperfusion (I/R) injury 6 .
Preconditioning with L-Ala-Gln did not change neuronal death cell area after ischemia, however it has decreased the area of brain necrosis after I/R lesion 7 . The objective of the present study is to verify if preconditioning by previous intravenous injection of L-Ala-Gln would result in neuroprotection in rats subjected to global brain I/R injury.
Methods
All surgical procedures and animal handling were conducted IR 24h); SS followed by IR 1h (SS+I/R 1h); SS followed by IR 24h (SS+I/R 24h); L-Ala-Gln followed by IR 1h (L-Ala-Gln+I/R 1h) and L-Ala-Gln followed by IR 24h (L-Ala-Gln+I/R 24h).
Anesthesia
Rats were anesthetized by an intramuscular injection of xylazine (10 mg/Kg)+ketamine (90 mg/Kg) solution. The rectal temperature was also monitored with a digital thermometer and maintained at 35-37ºC.
Drug
L-Ala-Gln is a highly stable dipeptide and when infused intravenously is promptly hydrolyzed to L-glutamine and alanine 8 .
Thirty minutes before induction of ischemia, L-Ala-Gln 20% solution (0,75g/Kg) was administered intravenously. This dosage was based on previous experiments 5, 7 .
Induction of ischemia and reperfusion
After anesthesia and femoral artery cannulation, experimental rats were submitted to anterior cervical incision followed by dissection of the common carotid arteries around the internal and external artery bifurcation (i.e., the clamping site), as described previously and then at the desired time after the onset of reperfusion, animals were sacrificed and sampled (brain) for hippocampal histopathology.
Hippocampus histopathology
The brain was removed from the skull and four coronal sections were made (2 mm each) and then immersion fixed in formalin for 24 hours before being transferred to 70% ethanol solution, further processed, embedded in paraffin, and cut to generate 5-μm-thick coronal sections onto slides. The slides were stained using hematoxylin and eosin. The extent of the hippocampus damage was assessed by a neuropathologist, blindly, using a light microscope (Olympus, x400). The number of pink acidophilic dead neurons (red neurons) were counted, as described by Kaku et al. 9 Neuronal damage in the Ca1, Ca2/Ca3 areas of the hippocampus was expressed as the percentage of dead cells in the total 400X microscope-field cell population.
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Twenty-four hours after surgical procedures (false and brain I/R), rats were killed and brains removed as described above. The pons and olfactory bulb were removed and the brains were weighted to obtain their wet weight (ww). Thereafter brains were dried at 110°C for 24h for determining their dry weight (dw). Brain water content was calculated by using the following formula: (ww-dw)/ww_100.
Statistical analysis
Data were subjected to Kolmogorov-Smirnov to test for normality. Normal distributed data were submitted to unpaired t test. Nonparametric data were expressed as medians and percentiles (25-75), and analyzed by Mann Whitney test. The level of statistical significance was set at 5%. GraphPad Prism 6.01
software was used for these analyses.
Results

Cerebral edema
Cerebral edema increased significantly (p<0.05) in rats treated with SS and submitted to 24h IR (Figure 1 ). L-Ala-Gln preconditioning had no effect upon the development of brain edema 24h after global I/R injury ( Figure 2 ).
Red neuron counting
Red neuron counting decreased significantly in rats submitted to IR and treated with L-Ala-Gln compared with rats submitted to IR treated with SS ( Figure 3 ). Similar findings were seen in rats submitted to short term (1h) IR (Figure 4 ). In vitro, a novel multi-target ligand (JM-20 -1 and 10 μM) administered during reperfusion significantly reduced cell death in hippocampal slices subjected to oxygen and glucose deprivation 13 .
In vivo, JM-20 treatment (4 and 8 mg/kg) significantly decreased neurological deficit scores, edema formation, total infarct volumes and histological alterations in different brain regions 13 . Rapamycin could improve brain edema progression after reperfusion injury through maintaining blood-brain barrier integrity and inhibiting metalloproteinase 9 and aquaporin 4 (AQP4) expression 14 .
In the present work preconditioning with L-Ala-Gln had no effect upon the development of brain edema 24h after global I/R injury (Figures 1-2) .
Previous intravenous infusion of L-Ala-Gln in gerbils subjected to brain IR has been shown to decrease degeneration of the nucleus (pyknosis) and cell death (red neurons) in the cerebral tissue 6 . Preconditioning with mixtures of oils containing high ratio ω-6/ω-3 and low ω-9/ω-6 relationship protected brain neurons against I/R injury in an experimental model of global cerebral ischemia/reperfusion by decreasing red neurons count in hippocampus area CA3 1 . Fish n-3 essential fatty acids (EFA) could decrease the oxidative status and apoptotic changes in ischemic rat hippocampal formation. Dietary supplementation of n-3 EFA may be beneficial to preserve or ameliorate ischemic cerebral vascular disease 15 .
In the present study previous intravenous administration of L-Ala-Gln decreased cell death (red neurons counting) both at 1h and 24h after the induction of global brain IR in the rat ( Figures   3-4) . These findings give support to the neuroprotective effects of the dipeptide L-Ala-Gln as a preconditioning agent. More studies are needed to elucidate mechanisms and intracelular signalling pathways involved in the preconditioning neuroprotection.
Conclusion
Endovenous use of L-Ala-Gln at nutraceutical dose exerts a preconditioning effect by decreasing cell death (red neurons counting) at early (1h) and late reperfusion (24h) in the cerebral tissue of rats submitted to 30 minutes clamping of the common carotid arteries.
